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Introduction

The high levels of resistance observed in Escherichia coli, a 
pathogen responsible for several infections in the human host, to 
several important antibiotics groups, such as cephalosporins and 
quinolones, have become a main concern. One of the most suc-
cessful E. coli clone, ST131, has emerged as very important cause 
of multidrug-resistant infections worldwide.1

The E. coli ST131 clone has been usually associated with resis-
tance to β-lactams, mostly due to the production of extended-
spectrum β-lactamase (ESBL) CTX-M-15, which confers 
resistance to penicillins, cephalosporins, and monobactams but 
not to cephamycins.2 Resistance to fluoroquinolones is also fre-
quently found in E. coli ST131 clones, probably potentiated by 
the presence of plasmid-mediated quinolone resistance (PMQR), 
like qnr encoding genes or aminoglycoside modifying enzyme 
AAC(6’)-Ib-cr, usually present in ST131 strains.2 This mobile 
resistance determinants (ESBLs and PMQRs), responsible for 
antimicrobial resistance, can be carried and disseminated through 
plasmids. In Enterobacteriaceae family, plasmids are gathered into 
major replicon families HI2, HI1, I1-γ, X, L/M, N, FIA, FIB, 
FIC, W, Y, P, A/C, T, K, and B/O.3

Additionally to the resistance capacities, E. coli ST131 strains 
have been described to harbor several virulence factors, con-
tributing to the pathogenicity and invasion of the hosts. These 
determinants are generally involved in escaping the host immune 

system, adhesion, collection of nutrients under limited condi-
tions, and induction of inflammation, instigating the develop-
ment of extraintestinal pathology. Virulence factors in this clone 
include toxins, adhesins, and siderophore systems among others.2 
Furthermore, the virulence factors can be carried and dissemi-
nated by horizontal gene transfer through pathogenicity islands.4 
Although several virulence factors have been identified in E. coli 
ST131 strains,5 the lack of pathogenicity islands could make it 
less virulent than other uropathogenic bacteria.

Regardless of the general assumption that the acquisition 
of resistance may have a fitness cost which leads to decreased 
virulence, E. coli ST131 has proven to be able to maintain both 
features.6 Thus, the aim of this work was to evaluate the concom-
itant presence of plasmids as resistance determinants transport-
ers and pathogenicity islands carrying several virulence factors in 
multidrug-resistant ST131 E. coli clinical isolates.

Results and Discussion

ST131 clone is a highly adapted E. coli with a genetic struc-
ture with several virulence and resistance genes which contribute 
to the efficient and global spread of this pathogen. The virtual 
omnipresence of ST131 E. coli strains, normally associated with 
CTX-M-15 ESBL production, impelled us to investigate the 
relationship between the presence of plasmids and PAIs within 
the cell. Thus, the present study aimed the investigation of the 
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Escherichia coli St131 is an important cause of multidrug-resistant infections. thus, the aim of this study was to evalu-
ate the concomitant presence of resistance plasmids and pathogenicity islands (pAis) in St131 E. coli. from 97 extraintes-
tinal E. coli characterized for antimicrobial susceptibility and extended-spectrum β-lactamase production, 16% of isolates 
were identified as CtX-M-15 producers. these strains were studied by pfGe, MLSt, and phylogroups, plasmid groups, 
pAis, and plasmid-mediated quinolone-resistance determinants. MLSt identified one St10 strain from phylogroup A and 
the remaining isolates were St131, from group B2. Despite the genetic variability, 64% of St131 strains presented a profile 
composed by pAi iV536, pAi iCft073, and pAi iiCft073, incf plasmid, blaCtX-M-15, and aac(6’)-lb-cr genes. the prevalent virulence 
and resistance profile detected among the strains may constitute an optimal combination of factors, which allow E. coli 
St131 to maintain both features becoming concomitantly virulent and extremely resistant.
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optimal relationship between these two mobile elements, within 
multidrug-resistant ST131 E. coli strains presenting PMQRs and 
ESBL.

From the total of 97 isolates, the co-analysis of the antibio-
gram performed by Vitek2Advanced Expert System and the 
double disk synergy results indicated the expression of ESBL in 
15 strains, and suggested the production of CTX-M enzymes. 
This was further confirmed using PCR and sequencing tech-
niques which identified the bla

CTX-M-15
 gene, whose expression 

was responsible for the ESBL phenotype in all strains.
In order to establish a phylogenetic relationship between the 

isolates, MLST was first executed, which allowed the identifi-
cation of ST131 clone in 93% of the strains, all belonging to 
phylogroup B2. The remaining strain was integrated in the phy-
logenetic group A and presented a MLST corresponding to the 
ST10. ST131 has been mainly known as a worldwide extraintes-
tinal pathogenic E. coli from phylogroup B2 with the capacity to 
acquire simultaneously virulence and resistance, thus having the 
capacity to cause severe antimicrobial-resistant infections.2 This 
clone contradicts the hypothesis that bacteria displaying high lev-
els of resistance have a high fitness cost which results in decreased 
pathogenic capacities.6

In this study, despite of the genetic variability observed in the 
PFGE profiles for the ST131 isolates, it was possible to observe 
that 64% of the strains presented the same characteristics in 
terms of virulence and resistance determinants (Fig. 1). These 
strains presented one IncF plasmid, containing a bla

CTX-M-15
 and 

aac(6’)-lb-cr genes and three PAIs (PAI IV
536

, PAI I
CFT073

, and 
PAI II

CFT073
). This may constitute a favorable and equilibrated 

combination of resistance and virulence factors for E. coli ST131 
clones which may enhance its fitness and adaptation capacity, 
contributing to the dissemination of this clone.

The resistance determinants bla
CTX-M-15,

 and the aac(6’)-lb-cr 
enhance the survival of E. coli ST131 strains regarding the action 
of the main antibiotics used in clinical practice such as cepha-
losporins and quinolones. In fact, CTX-M-15 enzyme is now 

worldwide disseminated mostly by E. coli strains, and it has been 
previously detected among Portuguese clinical strains.7 The asso-
ciation between bla

CTX-M-15
 and aac(6’)-lb-cr genes is common, 

because they are usually found in the same plasmid, namely in 
IncF and in IncI1 plasmids, since they share the same genetic 
platform.3 Actually, in all the strains we have detected one plas-
mid from the group F. Moreover, in one ST131 strain an IncI1/
Iγ was also detected, and in two ST131 strains and one ST10 
isolate the IncK was also identified. After plasmid extraction we 
detected one plasmid carrying bla

CTX-M-15, 
aac(6’)-lb-cr as well as 

PAI IV
536

 which was assigned by replicon typing to IncF group. 
Regardless of the high dissemination of bla

CTX-M-15
 associated 

to aac(6’)-lb-cr, the acquisition of the mobile element contain-
ing these determinants may have an implicated fitness cost. In 
fact Sandegren and colleagues have studied the fitness cost of 
the acquisition of a plasmid containing the multiresistance gene 
cassette associated with ST131 clone, composed namely by these 
two resistance elements, and found that it originated a reduction 
of 3–4% of exponential growth rate.8

The virulence factors encoded in the prevalent combination of 
PAIs, PAI IV

536
, PAI I

CFT073
, and PAI II

CFT073
 include P-fimbriae, 

siderophore systems, and hemolysin and may be responsible for 
the enhancement of the virulence potential of E. coli strains, and 
thus the development of more invasive disease.4,9 In fact, 80% 
of the strains were isolated from urinary tract, where P-fimbriae 
mediates bacterial adherence to human epithelial cells through 
di-galactoside-specific binding to the P-blood group antigens, 
which are present all over the urinary tract and enable ascending 
infection of the ureter and kidney.9 Furthermore, siderophore sys-
tems, as efficient methods to acquire iron, have been described to 
be essential to bacterial growth especially under limiting condi-
tions such as the ones found in the urinary tract.9 These virulence 
factors present in the detected islands increase the E. coli ST131 
capacity to subsist in the host and ascend in the urinary tract and 
may therefore contribute to the survival of this clone and to the 
evolution of its pathogenesis.

Figure 1. Clonal relatedness of strains and characterization of phylogeny, virulence, and resistance determinants, and plasmid incompatibility group.
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Regardless of the presence of PAIs carrying important virulent 
factors, we have not detected other islands which are present in 
more virulent uropathogenic strains. The results are supported 
by a genomic mapping performed by Lavigne and colleagues in 
which they have not detected typical extraintestinal PAIs such as 
PAI I

536
, PAI II

536
, and PAI III

536
.5

In conclusion, the E. coli ST131 clone despite not being an 
extremely virulent clone presents an efficient organization of vir-
ulence and resistance determinants. The predominant arrange-
ment of virulence and resistance determinants found in the 
ST131 isolates may therefore constitute an optimal and balanced 
combination, providing important resistance and virulence 
capacities without having an excessive fitness cost to bacteria. 
This may allow the dissemination and survival of these clonal 
strains among the clinical and communitarian sets.

Materials and Methods

From a total group of 97 non-duplicate isolates of E. coli 
collected between November and December 2007 from differ-
ent clinical samples and wards of the University Hospitals of 
Coimbra (HUC), located in the Centro region of Portugal, pre-
sumable ESBL producers were selected based in the antimicro-
bial susceptibility tests. ESBL production was further confirmed 
with the double disk synergy test using the antimicrobials 
disks of amoxicillin/clavulanic acid, cefotaxime, cefatzidime, 
cefepime, and aztreonam (OXOID). Results interpretation was 
done according Clinical and Laboratory Standards Institute 
guidelines.10 E. coli ATCC 25922 was used as a quality control 
strain.

Initially, multi-locus sequence typing (MLST) was per-
formed based in the University of College Cork scheme for 
E. coli.11 To strengthen the phylogenetic relationship of the 
strains, pulsed-field gel electrophoresis (PFGE) was performed 
as previously described7 and PFGE images were analyzed with 
Bionumerics 6.6. Clustering was performed using the Dice 
band-based similarity coefficient, with a band position toler-
ance of 1.0% and an optimization of 1.8. A cutoff value of 80% 
similarity was determined by the cluster cutoff method accord-
ing to Bionumerics software. Isolates with a Dice band-based 
similarity coefficient value >80% were assigned to the same 
cluster.

In order to evaluate the presence of resistance determinants, 
PMQR and ESBL encoding genes (qnrA, B, and S, aac[6’]-Ib-
variant, qepA, and bla

CTX-M
) were screened by PCR.12-14 E. coli 

12HUC carrying the bla
CTX-M-15

 and aac(6’)-lb-cr determinants, 
Klebsiella pneumoniae5, carrying qnrA and qnrB, and the plasmid 
pSTV that carries qepA, were used as positive controls in PCR. 
Resulting PCR products were submitted to purification using the 
QIAquick PCR Purification kit (QIAGEN), according to the 
producer’s instructions and were sequenced at Macrogen.

The detection of plasmid-mediated resistance mechanisms 
implied the plasmid replicon typing. For this, a PCR-based rep-
licon typing scheme described by Carattoli et al. detecting the 
principal incompatibility groups in enterobacteria: HI2, HI1, 
I1-γ, X, L/M, N, FIA, FIB, FIC,W, Y, P, A/C, T, K, and B/O was 
performed.15 When needed, plasmid extraction was performed 
using QIAGEN Plasmid Midi Kit.

Finally, to evaluate the pathogenicity potential of these E. coli 
strains, pathogenicity island (PAI) markers were detected using 
the method of Sabaté et al. consisting in three multiplex-PCR 
which allow the detection of eight PAIs,4 reinforced by the deter-
mination of the major E. coli phylogenetic groups (A, B1, B2, and 
D), according to the Clermont method.16
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